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Attempts  to  isolate  the  causative  agent  of  Colorado  tick  fever have  been 
unsuccessful  (1) but it has been maintained in both man and hamster by serial 
passage  (2).  Since  we  have  never been able  to visualize microscopically the 
infectious  agent  o~[ this  disease  either  in  man  or  in  hamsters  when  we  knew 
that  the etiologic agent was present  in the serum,  it seemed probable  we were 
dealing with a  virus and  therefore  ultrafiltration  experiments  were  tried. 
Methods and.Materials 
Two strains I of  Colorado tick fever were used.  Pooled serum from infected hamsters 
was kept frozen in the ice compartment of an electric refrigerator until used.  The serum was 
thawed,  diluted  with  three  parts  of sterile  physiological  saline,  and  immediately filtered 
through a  Seitz EK filter under negative pressure of 15 cm. of mercury.  A portion of this 
filtrate was  saved  as a  control,  and  the  remainder  filtered through  gradacol  membranes  2 
with positive pressure which never exceeded 100 cm. of mercury.  This maximum pressure 
was used only with the 24 mr* membrane filtration experiments.  In every instance in which 
serum was faltered through membranes of this pore size, the material was first passed through 
either a 262 or 181 mr* membrane.  No filtration required more than 7 hours.  All membranes 
were tested for major defects with B. prodigiosus  at the termination of each experiment.  None 
were found. 
Hamsters in groups were each given ~  cc. intraperitoneally of the control serum or filtrate. 
Four days after the injection the animals were bled to death from the heart (3) and autopsied 
immediately.  3  A small portion of the blood was oxalated for study and  the remainder al- 
lowed to clot.  The pooled serum from some of the hamsters was used to inoculate new groups 
of animals, and also human volunteers as seen in the sequence of transfers depicted in Text- 
fig.  1. 
EXPERIMENTAL  RESULTS 
The  control  animal  groups  were  infected  in  every  instance.  We  used  the 
lowered  white  blood  cell  count  3 as  evidence  of  having  successfully  infected 
1 One strain had been procured from a natural instance of the disease and had been pre- 
viously carried through  7 serial hamster passages.  The  other strain  came from a  natural 
instance of the disease and had been carried through  4  volunteers, then serially through  7 
hamster groups, another volunteer, and finally serially through 7 more hamster groups. 
These membranes were prepared and calibrated by Walter Mack of the Hooper Institute 
for Medical Research of the University of  California School of Medicine according to the 
method described by Bauer, J. H., and Hughes, T. P., J. Gen. Physiol., 1934, 18, 143. 
3 A study of the histologic picture is in progress. 
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the  hamsters  studied.  Since  the  cytoplasmic bodies in  lymphocytes are an 
inconstant  finding in infected animals,  they were not used as a  criterion  of 
infection.  Sera  from  both  strains  were  filtered  through  262  and  181  mp 
membranes.  All of the animal groups injected with these membrane filtrates 
were infected. 
Seven separate filtration experiments were carried out using  24 m/z mem- 
branes.  Two of the  7  initial  groups  of injected  hamsters showed  clear cut 
evidence  of  infection.  On  further  animal  passage,  infection  was  demon- 
strated in 3 more groups.  There was one failure with each of the  2 strains. 
Table I  shows the mean white blood cell count for each group of hamsters, 
as obtained at time of death, and the number of animals in each group, which 
showed bodies in the lymphocytes, regardless of whether or not the hamsters 
were utilized  in the serum pool used to inoculate the next group of animals. 
Since the white blood cell count is not influenced by the age or sex (3) mention 
of them has been omitted from the table.  There was approximately an equal 
number of males and females ranging from 2 to 9 months of age. 
The  standard  error  was  determined  for the  infected  hamsters  inoculated 
with  the  control sera and  with  the  filtrates from the  262,  181,  and  24  m/z 
membranes  respectively.  Since  the  difference  between  the  means  of  these 
groups was always less than two standard deviations, the data were combined. 
The hamster groups inoculated with the 24 mp membrane filtrates that gave 
no evidence of infection are not included. 
Human volunteers were used as a  further check on the results obtained in 
hamsters. 
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TExT-FIo. 1.  Sequence of transfers of two strains of Colorado tick fever through hamsters 
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TExT-FIG.  1--Conduded. 
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Pooled serum from the fifteenth hamster transfer (Text-fig. 1, animals 4-51 to 4-62) was 
passed  through  a  181  mu  membrane and  8  cc. injected subcutaneously into  volunteer 40. 
Hamsters 5-44 to 5-49 were each inoculated intraperitoneally with 1/~ cc. of this same filtrate. 
TABLE  I 
Mean White Blood Cell Counts and the Presence of Cytoplasmic Bodies in the  Lymphocytes in 
Hamsters Inoculated with Control and Gradacol Membrane--Filtered 
Colorado  Tick  Fever  Serum 
I  No. of animals 
Mean white  with cyto- 
Animal Nos.  Source of serum  Age of  blood cell  plasmic bodies 
count  in  m lymphocytes 
serum  thousands  (100 cell 
per c. nun.  hemogram) 
Control  groups 
3-39 --  3-48* 
3-49 --  3-54 
3-55 --  3-64 
3-65 --  3-74 
3-75 --  3-79 
3-80 --  3-84 
3-85 --  3-88 
3-89 --  3-98 
3-99 --  4-02 
4-03 --  4-12 
~-13 --  4-22 
4-23 --  442 
4-43 --  4-46 
4-47 --  4-50 
4-51 --  4-62 
4-63 --  4-67 
4-68 --  4-70 
4-71 --  4-76 
4-77 --  4-80 
4-81 --  4.,-86 
2-10 --  2-14 
3-39 --  345 
3-49 --  3-54 
3-55 --  3-64 
2-90 --  2-93 
2-90 --  2-93 
3-75 --  3-79 
3-85 --  3-88 
3-80 --  3-84 
3-99 --  4-01 
4-06 --  ~12 
4-13 --  4-22 
4-23 --  4-32 
4-43 --  4-46 
4-47 --  4-50 
4-51 --  4-62 
5.22 
4.08 
4.05 
g.~2 
3.04 
9.31 
4.40 
6.26 
5.23 
4.43 
5.59 
4.56 
4.80 
4.23 
4.05 
3.87 
4-63 --  4-67 
Volunteer 40 
Volunteer 40 
Volunteer 42 
4.41 
4.25 
3.16 
4.26 
Mean ..........................................  i ......  4.77 
Standard deviation ......................................  2.08 
262 m# membrane  filtration  groups 
days 
4-87 --  4-96  2-10 --  2-14  8  3.98  3 
4-97 --  5-05  2-90 --  2-93  7  5.23  8 
5-06-  5-10  4-97 --  5-05  25  8.40  2 
Mean ................................................  5.43 
Standard deviation  .....................................  2.96 
* The numbers are inclusive. L. YLORIO~ M. O. STEWART~ AND E. R. MUGRAGE 
TABLE  I--Concluded 
No. of animals 
Mean white  with cyto- 
Animal Nos.  Source of serum  Age of  blood cell  .plasmic bodies 
count in  in lymphocytes 
serum  thousands  [  (100  cell 
per c. ram.  ~  hemogram) 
181 m~ membrane filtration groups 
5-11 --  5-20 
5-21 --  5-32 
5-33 --  5-43 
5-44 --  5-49 
5-50 --  5-58 
3-55 --  3-64 
3-85 --  3-88 
4-13 --  4-22 
4-51 --  4-62 
Volunteer 40 
days 
1 
1 
2 
1 
5 
3,71 
7.21 
6.47 
3.71 
4.79 
Mean .................................................  5.34 
Standard deviation  ......................................  2.99 
24 m/~ membrane filtration groups (no evident infection) 
5-59 --  5-71 
5-72 --  5-81 
5-82 --  5-86 
5-87 --  5-96 
3-55 --  3-64 
5-59 --  5-68 
4-06 --  4-12 
5-82 --  5-86 
days 
1 
2 
5 
7 
6.43 
6.40 
7.23 
7.25 
24 m~ membrane filtration groups (no apparent infection in initial hamster groups) 
5-97 --  6-06  2-10 --  2-14  8  6.49  0 
6-07 --  6-12  4-51 --  4-62  1  7.07  0 
6-13 --  6-18  Volunteer 40  13  7.10  0 
24 m# membrane filtration grou] ~s (infected) 
6-19 --  6-28 
6-29 --  6-42 
6-43 --  6-52 
6-53 --  6-57 
6-58 --  6-63 
6-64 --  6-70 
6-71 --  6-77 
6-78 --  6-83 
6-03 --  6-06 
4-13 --  4-22 
6-29 --  6-42 
6-07 --  6-12 
6-53 --  6-56 
Volunteer 40 
6-64 --  6-70 
6-13 --  6-18 
6 
2 
9 
1 
1 
5 
48 
1 
4.01 
4.75 
4.69 
5.23 
3.05 
4.16 
3.94 
3.72 
Mean  (24 m# membrane filtration groups, infected) .........  4.30 
Standard deviation  ......................................  1.73 
280 infected animals 
Mean ................................................  i1[  4.81 
Standard deviation  .....................................  2.30 ETIOLOGY  OF COLORADO  TICK FEVER 
Both the volunteer and the animals showed typical infection.  Text-fig. 2 depicts the course 
of the disease in volunteer 40. 
Case 40 and all subsequent volunteers were physically healthy institutional 
patients, confined in a separate building for at least 1 month prior to inoculation. 
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TExT-FIG. 2.  Colorado tick fever in volunteer 40 inoculated with 181  mp membrane ~1. 
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TSXT-FIG. 3.  Colorado tick fever in volunteer 41 after a previous unsuccessful attempt to 
infect with 24 mp membrane filtrate. 
A portion of the material filtered through the 181 m# membrane and used to infect volun- 
teer 40 was filtered through a 24 m# membrane.  Sixteen cc. of this filtrate was injected sub- 
cutaneously into volunteer 41, and 1/~ cc. intraperitoneally into each of 6 hamsters.  Only 
the hamsters (Nos. 6-53 to 6-63) of 2 subsequent transfers showed typical infection.  Since 
volunteer 41, who remained well for 15 days, had previously  lived in an endemic  area, we tested 
his immunity by inoculating him subcutaneously with 4 cc. of undiluted serum from volun- 
teer 40.  He developed Colorado tick fever as seen in Text-fig. 3. L.  FLORIO~  M.  O. STEWART~ AND E.  R.  MUGRAGE 
A  further  filtration  experiment  was  tried  to  see  whether  similar  results 
could be obtained by using human  instead of hamster  serum. 
Serum from volunteer 40 was prepared in the same way as the hamster material, then fil- 
tered through a  181 mtt and finally through a  24 mtt membrane.  Hamster groups injected 
with the control and 181 mtt material showed positive findings.  Volunteer 42 received sub- 
cutaneously 16 cc. of the 24 mtt filtered serum and remained well for 32 days.  The animal 
groups given the same 24 m;t filtrate were found to be infected on second transfer (6-78 to 
6-83).  Three cc.  of this pooled undiluted hamster serum  (6-78 to  6-83)  was given sub- 
cutaneously to volunteer 42.  Two days later she developed typical Colorado tick fever as 
seen in Text-fig. 4. 
There  remain  the  possibilities  that  hamster  serum  on  inoculation  into 
human  beings  may  give  a  clinical picture  similar  to  Colorado  tick  fever  or 
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TEXT-FIG. 4.  Colorado tick fever in volunteer 42 injected with serum from hamsters inocu- 
lated with a  24 mtt membrane filtrate, which filtrate had failed to cause infection when in- 
jected  into  this  volunteer. 
that in our series of transfers we may have picked  up an extraneous agent from 
presumably  normal hamsters  that would give a  lowered  white blood cell count 
in the animals and a  clinical picture resembling Colorado  tick fever in human 
beings.  These  possibilities were  eliminated  in the  following way:- 
Five hamsters were bled to death and 1/~ cc. of the pooled serum inoculated into each of 10 
animals.  They were bled after 4 days and the process repeated serially through 10 groups of 
approximately 10 animals each.  Thehamsters were selected at random from our colony and 
included males and females of various ages above 2 months as well as a few pregnant animals. 
The mean white blood cell count of the initial 5 animals was 7,975 and for the 10 subsequent 
groups of 101 animals 7,651 -4- 1,686 with a mean range of 6,207 to 8,218.  The mean for this 
group of  101 hamsters is within two standard deviations of the mean 8,088  -4-  1,776  pre- 
viously established for 114 normal animals (3). 
Cytoplasmic bodies in lymphocytes were found in 2 animals on the sixth transfer only. 
Volunteers 43 and 44 were each inoculated subcutaneously with 4 cc. of hamster serum from 
the final serial transfer.  For 9 days these volunteers showed neither a significant elevation of ETIOLOGY O;F COLORADO  TICK ]~EVER 
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TExT-FIG. 5.  Colorado tick fever in volunteer 43 injected with serum from a nstural in- 
stance of the disease 9  days after a  previous inoculation with normal hamster serum of 
the tenth serial transfer. 
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TEXT-FIG. 6.  Colorado tick fever in volunteer 44 injected with serum from a natural in- 
stance of the disease 9 days after a  previous inoculation with normal hamster serum of the 
tenth serial transfer. 
temperature nor a  depression of the leucocyte count.  They were then inoculated intrave- 
nously with 1 cc. of serum from a natural instance of Colorado tick fever.  Both developed 
typical Colorado tick fever 2 days later.  The findings are depicted in Text-figs. 5 and 6. 
Volunteers  41,  42,  and  44  showed  typical  lymphocytic  inclusion  bodies 
during convalescence as described in a  previous paper  (2). L. FLORIO, M. O. STEWART~ AND E. R. MUGRAGE  9 
DISCUSSION 
Although the original hamster groups into which  24 m/~  membrane filtrate 
was injected  usually failed to show  clear cut evidence of  infection, an addi- 
tional  transfer  or  two  evidently  caused  a  multiplication  of  the  infectious 
agent to the point that characteristic white blood cell counts were obtained. 
The  24 m~ membranes did not permit the passage of the infectious agent 
of Colorado tick fever in sufficient quantity to infect two susceptible human 
beings in the dose given.  In one instance, when the 24 m# filtrate was injected 
into a  volunteer and a  group of hamsters, the human being was not infected, 
but the hamsters manifested the disease on second transfer.  The serum from 
this  second  transfer  was  then  injected  into  the  same  volunteer  and  caused 
typical Colorado tick fever. 
In a previous paper (2), we reported inclusion bodies in the hamster lympho- 
cytes in those animals infected with Colorado tick fever.  We had never seen 
these inclusions in the blood of normal animals.  However, these bodies have 
now  been seen  in  two animals  that  were  inoculated  with  24 m# membrane 
filtrate which did not manifest disease  (Table I), as well as in two animals of 
one group in our transfer of normal hamster serum through  10 serial passages. 
Thus  lymphocytic inclusion  bodies have been demonstrated  in  4  out  of 258 
animals which  were either normal or which failed to develop the  tick fever. 
These  findings  argue  against  the  specificity  of  these  bodies.  They  remain 
diagnostically  important,  however,  for  they  were  found  in  115  out  of  280 
animals  in  this  series which  came down  with  the  fever, a  significantly high 
incidence.  We now feel that the lymphocytic inclusion bodies found in human 
beings  during  convalescence  from  Colorado  tick  fever  are  also  not  wholly 
specific since we have seen similar appearing structures in other diseases. 
Experiments carried out  on volunteers 43 and 44 eliminate  the  possibility 
that  hamster  serum  obtained  from  serial  animal  passages  when  inoculated 
into human beings will result  in  signs and  symptoms of  Colorado tick fever 
due either to the hamster serum itself or to some extraneous agent picked up 
during the serial passages. 
Elford  (4) points out that the size of a  particle filtered through a  gradacol 
membrane is smaller than the average pore diameter of the membrane used. 
The  infectious  agent  of  Colorado  tick  fever is partially  retained  by the  24 
m~ membrane.  We estimate  the  particle  size  to  be  approximately  10  m~. 
This  makes  thc  causative  agent  of  Colorado  tick fever one  of  the  smallest 
known. 
SUMMARY AND CONCLUSIONS 
1.  The  infectious  agent  of  Colorado  tick  fever  filtered  through  181  m~ 
membranes caused infection in hamsters and one volunteer. "10  ETIOLOGY OF COLORADO TICK FEVER 
2.  In  five  out  of  seven  instances,  hamsters  were  infected  initially  with 
serum filtered through 24 m# membranes or the tick fever appeared on serial 
transfer. 
3.  We  could  not  infect two volunteers  with  24 m# filtrates,  though  these 
filtrates did cause infection in hamsters as shown by development of the fever 
on serial transfer.  In one instance,  the serum of the hamsters rendered ill in 
this way was injected into the volunteer who had remained well after inocula- 
tion with the original material and it caused Colorado tick fever. 
4.  Normal hamster  serum was passaged  through  10 groups of animals  and 
then two" human volunteers were injected with it.  They did not come down 
with Colorado tick fever, although both of them were susceptible to the disease 
as shown by the fact that they fell ill of it on later inoculation with serum from 
a  natural  instance  of the  disease. 
5.  The infectious agent of Colorado tick fever passes  through 24 m# mem- 
branes.  On this basis,  it is classified as a  virus. 
We wish to thank Mr. Walter Mack for generously providing us with the gradacol mem- 
branes. 
We are grateful to the volunteers who participated  in this study. 
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